Evidence supports an important role of Ca 2+ release-activated Ca 2+ channel protein 1 (Orai1)-mediated Ca 2+ entry in the development of renal fibrosis, a common pathologic feature of CKDs that lead to ESRD, but the molecular mechanisms remain unclear. We determined the role of Orai1 calcium channel in renal fibrosis induced by high-fat diet and by unilateral ureteral obstruction. Mouse kidneys with fibrosis had higher levels of Orai1 protein expression than did kidneys without fibrosis. In vivo knockdown of Orai1 with adenovirus harboring Orai1-short hairpin RNA or inhibition of Orai1 with SKF96365 dramatically prevented renal fibrosis and significantly decreased protein expression of fibronectin, a-smooth muscle actin, and TGF-b1 in the kidney cortex of ApoE -/-mice on a high-fat diet and in the obstructed kidneys of mice with unilateral ureteral obstruction. Compared with kidney biopsy specimens of patients with glomerular minimal change disease, those of patients with fibrotic nephropathy had higher expression levels of Orai1. In cultured human proximal tubule epithelial cells (HK2), knockdown of Orai1 Ca 2+ channel with adenovirus-Orai1-short hairpin RNA markedly inhibited TGF-b1-induced intracellular Ca 2+ influx and phosphorylation of smad2/3. Knockdown or blockade of the Orai1 Ca 2+ channel in HK2 cells also prevented epithelial-to-mesenchymal transition induced by TGF-b1. In conclusion, blockade of the Orai1 Ca 2+ channel prevented progression of renal fibrosis in mice, likely by suppressing smad2/3 phosphorylation and TGF-b1-induced epithelial-to-mesenchymal transition. These results render the Orai1 Ca 2+ channel a potential therapeutic target against renal fibrosis.
but the molecular mechanisms remain unclear. We determined the role of Orai1 calcium channel in renal fibrosis induced by high-fat diet and by unilateral ureteral obstruction. Mouse kidneys with fibrosis had higher levels of Orai1 protein expression than did kidneys without fibrosis. In vivo knockdown of Orai1 with adenovirus harboring Orai1-short hairpin RNA or inhibition of Orai1 with SKF96365 dramatically prevented renal fibrosis and significantly decreased protein expression of fibronectin, a-smooth muscle actin, and TGF-b1 in the kidney cortex of ApoE -/-mice on a high-fat diet and in the obstructed kidneys of mice with unilateral ureteral obstruction. Compared with kidney biopsy specimens of patients with glomerular minimal change disease, those of patients with fibrotic nephropathy had higher expression levels of Orai1. In cultured human proximal tubule epithelial cells (HK2), knockdown of Orai1 Ca 2+ channel with adenovirus-Orai1-short hairpin RNA markedly inhibited TGF-b1-induced intracellular Ca 2+ influx and phosphorylation of smad2/3. Knockdown or blockade of the Orai1 Ca 2+ channel in HK2 cells also prevented epithelial-to-mesenchymal transition induced by TGF-b1. In conclusion, blockade of the Orai1 Ca 2+ channel prevented progression of renal fibrosis in mice, likely by suppressing smad2/3 phosphorylation and TGF-b1-induced epithelial-to-mesenchymal transition. These results render the Orai1 Ca 2+ channel a potential therapeutic target against renal fibrosis. Diabetes and obesity-related kidney diseases are associated with mesangial extension, renal interstitial fibrosis, progressive decrease in GFR, and eventually lead to ESRD. 1 Renal fibrosis is a common pathologic feature of progressive kidney disease due to a variety of conditions such as diabetes and obesity. It is characterized by the accumulation of fibroblasts and excessive deposition of extracellular matrix (ECM), along with a loss of functional nephrons. 2 During the past decade, the contribution of fibroblasts deriving from renal tubular epithelium via epithelial-to-mesenchymal transition (EMT) to renal fibrosis has been recognized. [2] [3] [4] [5] [6] EMT is characterized by loss of the epithelial marker E-cadherin and the increased expression of myofibroblast markers, e.g., a-smooth muscle actin (a-SMA), vimentin, and S100A4 in tubular epithelia cells. 7 Among the signaling pathways leading to renal fibrosis, TGF-b1/smad signaling is a major and classic pathway, [8] [9] [10] which results in the transcription of TGF-b1 target genes when activated. 5, 11, 12 TGF-b1 may directly induce the production of ECM and the transdifferentiation of tubular epithelial cells to fibroblast. 12 Ca 2+ is a ubiquitous second messenger that is involved in regulating a variety of cellular functions. 13, 14 Increases in intracellular Ca 2+ concentrations ([Ca 2+ ] i ) have been found to play important roles in the development of kidney diseases, including renal fibrosis. [15] [16] [17] The role of voltage-dependent calcium channels in unilateral ureteral obstruction (UUO)-induced kidney fibrosis has been suggested in several recent studies. 16, 18 Notably, the store-operated Ca 2+ (SOC) channel is the major route for Ca 2+ entry in nonexcitable cells. 19, 20 Orai1 has been identified as a pore subunit of the SOC channel and mainly locates at the plasma membrane. [21] [22] [23] [24] The other component of SOC entry complex is STIM1 protein, which is a Ca 2+ sensor in the endoplasmic reticulum. STIM1 is oligomerized and translocated to the plasma membrane during Ca 2+ store depletion, thereby triggering Ca 2+ entry via Orai1. 25 The Orai1 Ca 2+ channel plays an important role in regulating cell migration, proliferation, and gene expression, as well as intracellular calcium oscillation in the kidney. [26] [27] [28] Orai1 protein expression in glomerular mesangial cells has been shown to increase in high glucose or diabetic conditions. 29, 30 Interestingly, Wu et al. demonstrated that Orai1 in mesangial cells negatively regulates ECM protein expression in the kidney, potentially serving as an endogenous renoprotective mechanism in diabetes. 31 However, the role of Orai1 in the development of fibrotic nephropathy is not well defined.
In this study, we examined whether knockdown or inhibition of Orai1 improves interstitial fibrosis induced by high-fat diet (HFD) in ApoE knockout (ApoE -/-) mice and by UUO in C57/BL6 mice. In cultured human proximal tubular cells, we investigated whether the Orai1 Ca 2+ channel is involved in TGF-b1-induced EMT.
RESULTS

HFD Was Associated with Increased Protein and mRNA Expression of Orai1 in the Kidneys of ApoE
-/-Mice Immunohistochemistry demonstrated that Orai1 was mainly located in the proximal tubules in the cortex of the ApoE -/-mouse kidney; little labeling was found in the glomeruli or medullary tubules ( Figure 1, A and B). Immunofluorescence showed a colocalization of Orai1 with sodium-hydrogen exchanger type 3, a well identified sodium transporter in the proximal tubular cells (Figure 1 , C-E). Interestingly, the abundance of Orai1 protein and mRNA in the cortex was significantly increased in ApoE -/-mice fed with HFD when compared with controls ( Figure 2 , A-E).
Inhibition of Orai1 Ca
2+ Channel Prevented Fibrosis in the Kidney of ApoE -/-Mice Fed with HFD To further investigate the role of Orai1 in kidney injury induced by HFD, adenovirus (Ad) short hairpin RNA (shRNA) was used to knockdown Orai1 in vivo. The successful inhibition of Orai1 in mouse kidney was detected by western blot and real-time RT-PCR (Figure 2 , F and G).
As seen in Figure 3 , Masson Trichrome and Sirius Red staining showed marked fibrotic lesions in the kidneys of ApoE -/-mice fed with HFD when compared with controls. By contrast, knockdown of Orai1 by Ad-Orai1-shRNA ( significantly upregulated in the cortex of kidneys of ApoE -/-mice fed with HFD compared with controls, whereas Ad-Orai1-shRNA or SKF96365 treatment was associated with reduced protein expression of the above markers ( Figures  4 and 5) . TGF-b/smad signaling is a typical pathway involved in the development of kidney fibrosis. HFD has been associated with significantly increased protein abundance of TGF-b1 and smad3 in the kidney cortex, which was markedly suppressed by inhibition of Orai1 ( Figure 4 , A and B) by either Ad-Orai1-shRNA or SKF96365.
Consistent with improvements in renal structure, knockdown or inhibition of Orai1 also prevented HFD-induced impaired renal function. Serum creatinine levels were increased in mice on HFD, which was attenuated by inhibition of Orai1. Importantly, HFD induced a significant elevation of albuminuria that was markedly improved by knockdown or inhibition of Orai1 (Table 1) .
2+ Channel Prevented Kidney Fibrosis Induced by UUO Next, UUO was carried out to further examine the role of Orai1 in kidney fibrosis. As seen in Figure 6 Figure 1A) . Western blotting ( Figure 7 ) and immunohistochemistry (Supplemental Figures 2 and 3 ) demonstrated that protein expression of the profibrotic markers fibronectin, a-SMA, TGF-b1, and collagens I, III, and IV was significantly upregulated in the cortex of obstructed kidneys compared with sham mice, whereas Ad-Orai1-shRNA or SKF96365 treatment was associated with reduced protein expression of the above markers ( Figure 7 ).
Expression of Orai1 Was Increased in Human Kidneys with Fibrosis
The basic characteristics of all patients are summarized in Table 2 . Masson Trichrome staining showed fibrotic lesions in kidneys from patients with focal proliferative sclerosis and tubuleinterstitial nephritis (Figure 8 , B-D), but not in minimal change disease ( Figure 8A ). Immunocytochemistry demonstrated that Figure 9C ). Interestingly, increased Ca 2+ influx evoked by TGF-b1 or AngII in HK2 cells was coincident with markedly increased expression levels of fibronectin and collagen IV, which was significantly attenuated by Orai1 inhibition ( Figure 9 , D and E). These data suggest that Orai1 mediates TGF-b1-and AngII-activated Ca 2+ entry and ECM protein expression in HK2 cells.
Activation of SOC with thapsigargin was indicated to inhibit TGF-b1-stimulated fibronectin expression in cultured human mesangial cells (HMC), 31 so we investigated whether inhibition of Orai1 with shRNA in HMCs affected TGF-b1-induced ECM protein expression. Orai1 inhibition was associated with Knockdown or Inhibition of Orai1 Ca 2+ Channel Prevented TGF-b1-Induced smad2/3 Phosphorylation in HK2 Cells Treatment with TGF-b1 significantly increased the protein abundance of phosphorylated smad2/3, whereas smad2/3 protein abundance was maintained in HK2 cells. Knockdown of Orai1 with Ad-Orai1-shRNA remarkably suppressed the TGF-b1-induced increased expression level of phosphorylated smad2/3 ( Figure 11, A and B) . Similarly, SKF96365 or 2-aminoethoxydiphenylborane (2-APB; an inositol 1,4,5-triphosphate 3 receptor antagonist) inhibited TGF-b1-induced increased phosphorylated smad2/3 protein expression ( Figure  11, A 14 To identify which pathway is involved in Orai1-mediated smad2/3 phosphorylation in TGF-b1-stimulated cells, we investigated the effects of pharmacologic inhibition of CaMK II and calcineurin on smad2/3 phosphorylation. The results showed that calcineurin inhibitor FK-506, but not CaMK II inhibitor KN-93, inhibited TGF-b1-stimulated smad2/3 phosphorylation ( Figure 11C ). Moreover, FK-506, but not KN-93, decreased TGF-b1-stimulated fibronectin and collagen IV expression ( Figure 11D ). These findings indicate that Ca 2+ calcineurin signaling contributes to TGF-b1-induced renal fibrosis.
Knockdown or Inhibition of Orai1 Ca
2+ Channel Prevented TGF-b1-Induced EMT in HK2 Cells HK2 cells that were treated with DMSO alone exhibited the typical cobblestone morphology of epithelial cells. Treatment with TGF-b1 was associated with morphologic changes, including elongation and hypertrophy, separation from neighboring cells ( Figure 12A ), and decreased protein expression of the epithelial marker E-cadherin ( Figure 12 , B and C). At the same time, the protein abundance of a-SMA, vimentin, and S100A4, as mesenchymal markers, was significantly upregulated in HK2 cells treated with TGF-b1 ( Figure 12 , B and C).
Knockdown or inhibition of the Orai1 channel markedly prevented morphologic changes induced by TGF-b1 in HK2 cells ( Figure 12A ). Knockdown of Orai1 with Ad-Orai1-shRNA reversed the effect of TGF-b1 on EMT by restoring the protein expression of E-cadherin and by attenuating the expression of a-SMA, vimentin, and S100A4 in HK2 cells ( Figure 12B ). SKF96365 and 2-APB showed similarly preventative effects on
EMTmarkers in HK2 cells with TGF-b1 treatment ( Figure 12C ). These data suggest a potential role of the Orai1 Ca 2+ channel in renal EMT induced by TGF-b1. 
DISCUSSION
In this study, we demonstrated an upregulation of Orai1 protein expression levels in the kidney cortex of ApoE -/-mice fed with HFD and of mice with UUO. Increased expression of Orai1 protein was also found in biopsies of patients with fibrotic nephropathy. Orai1 knockdown or inhibition significantly attenuated renal fibrosis associated with HFD treatment and UUO. In vitro data showed that inhibition of Orai1 reduced TGF-b1-or AngII-induced Ca 2+ influx, smad phosphorylation, and EMT in cultured HK2 cells. Lipid accumulation in the kidney after a HFD exposure leads to impairment of tubular cell structure and is associated with inflammation and fibrosis. [32] [33] [34] [35] [36] In this study, HFD treatment was associated with increased expression of Orai1 protein and mRNA in proximal tubular epithelial cells, indicating that Orai1 is at least partially involved in dyslipidemiainduced kidney tubular injury. A recent report showed increased Orai1 protein expression in kidney cortex of rats treated with streptozotosin injection and fed with HFD, in which increase of Orai1 protein abundance was attributed to increased mesangial cells. 30 However, considering the ratio of mesangial cells in the cortex, the observed increase in Orai1 is mostly likely attributed to other cell types in this region of the kidney. In addition, we found that Orai1 expression in cultured HK2 cells is nearly 1.5-fold more than in cultured HMC. Strong labeling of Orai1 in proximal tubular cells, but not in glomerular cells, supports a conception that it is proximal tubule cells, but not mesangial cells, that contribute to increased Orai1 expression found in the kidney cortex after HFD treatment.
Interstitial fibrosis is a characteristic feature of CKD in the later stage. Indeed, HFD was associated with marked renal fibrosis in ApoE -/-mice, as seen in Sirius Red and Masson Trichrome staining, which detect the deposition of collagen fibrils. HFD also induced significant increases in the protein expression of several profibrotic factors including fibronectin, a-SMA, collagen I, III, IV, and TGF-b1, in agreement with previous studies. [37] [38] [39] [40] Importantly, Orai1 knockdown with shRNA or inhibition with SOC blockers markedly improved renal fibrosis and significantly decreased protein levels of these profibrotic factors in both HFD and UUO models. Notably, in biopsies from patients with fibrotic nephropathy, increased Orai1 expression was also observed in the cortex, particularly in tubular cells. Taken together, these studies likely suggest a profound involvement of Orai1 in the development of kidney fibrosis.
Although the role of EMT in renal fibrosis has been argued recently, 41 it is generally accepted that interstitial fibroblasts, which are primarily responsible for ECM accumulation, may originate from tubular epithelial cells via EMT in the fibrotic kidney. 42, 43 Overwhelming evidence suggests that TGF-b1 plays a critical role in EMT. 5, 7, 12, 44 Given the universal upregulation of TGF-b1 in the fibrotic kidney, TGF-b1-induced EMT has particular relevance to the development of kidney fibrosis, in which smad proteins mediate signals.
In our studies, when incubated with TGF-b1, HK2 cells underwent phenotypic conversion, which was characterized by morphologic changes to a fibroblastic appearance from the epithelial type. This transition in cellular morphology was accompanied by alterations in protein expression, manifest as the loss of epithelial proteins including E-cadherin and acquisition of new mesenchymal markers such as vimentin, a-SMA, and S100A4. Interestingly, knockdown or inhibition of Orai1 markedly attenuated TGF-b1-induced expression of mesenchymal markers. Meanwhile, Orai1 inhibition prevented reduced expression of E-cadherin protein and maintained HK2 morphology as an epithelial tubular cell after TGF-b1 treatment. Changes in morphology and protein abundance after TGF-b1 treatment were accompanied by intracellular calcium oscillation in cultured HK2 cells. TGF-b1 treatment evoked increased calcium entry in HK2 cells, which was fully blocked when Orai1 was knocked down, indicating a potential involvement of Orai1 and Orai1-mediated calcium influx in TGF-b1-induced EMT. Furthermore, TGF-b1-induced increased expression and phosphorylation of smad2/3 were also attenuated when Orai1 was knocked down or inhibited in HK2 cells. Increased TGF-b1 and smad3 protein expression in the kidneys of mice fed with HFD were shown to decrease when Orai1 was inhibited, suggesting a role of Orai1 in the development of kidney fibrosis. Interestingly, we found that Ca 2+ calcineurin, but not the calmodulin signaling pathway appears to mediate TGFb1-induced smad2/3 phosphorylation and fibrosis.
Increased Orai1 expression has been observed in the diabetic kidney cortex. 31 Our data showed that Orai1 expression is increased in kidney cortex of mice fed with HFD. Of note, however, recent works demonstrated that knockdown of Orai1 increased fibronectin expression in cultured HMC and increased ECM protein expression in the renal cortex, as well as mesangial expansion in the glomerulus. 30, 31 In our study, knockdown of Orai1 in mesangial cells indeed increased fibronectin and collagen IV expression, consistent with a previous study by Wu et al.; however, TGF-b1 treatment was actually associated with reduced expression of these two proteins after Orai1 knockdown, which was not performed in the Wu et al. study. 31 Nevertheless, these studies indicate a complicated role of Orai1 in mesangial cells and probably also in glomerular sclerosis. Mesangial expansion usually occurs at the early stage in diabetic nephropathy, and interstitial fibrosis appears to be a feature of late diabetic nephropathy. It is therefore possible that renal Orai1 may function differently in mesangial cells from tubular cells in response to high glucose or lipid challenge at different stages.
It should be noted that in vivo inhibition of Orai1 in this study was performed by using shRNA and inhibitors of SOC, which may have systemic effects. To better understand the role of Orai1 in kidney fibrosis, tubular cell-specific knockdown of Orai1 would be expected to provide definite answers; more studies are therefore warranted.
In summary, renal fibrosis induced by HFD or UUO was associated with increased expression of Orai1 in the kidney cortex. Orai1 inhibition attenuated expression of renal profibrotic factors, and prevented EMT via a TGF-b1/smaddependent pathway. This study indicates that inhibition of Orai1 in proximal tubular epithelial cells may protect the kidney from fibrotic injuries. Our findings highlight the important role of Orai1 Ca 2+ channel activation in the development of renal fibrosis, suggesting that blockade of the Orai1 Ca 2+ channel is likely a promising therapeutic option to limit the progress of kidney fibrosis.
CONCISE METHODS
Materials and Reagents
DMEM/F12 medium, 1640 medium, and FBS were from Gibco (Carlsbad, CA). SKF96365, 2-APB, recombination human TGF-b1, EGTA, Fura-2/AM, KN-93, FK-506, and AngII were from Sigma-Aldrich (St. Louis, MO). Orai1 antibody was purchased from Alomone (Jerusalem, Israel) for western blotting or from Santa Cruz Biotechnology (San Diego, CA) for immunohistochemistry. TGF-b1 antibody and sodium-hydrogen exchanger type 3 antibody were purchased from Santa Cruz Biotechnology. GAPDH antibody was purchased from Signalway Antibody (Baltimore, MD). Phosphorylated smad2 (Ser465/467)/smad3 (Ser423/425), smad2/3, smad3, E-cadherin, vimentin, and S100A4 antibodies were purchased from Cell Signaling Technology (Danvers, MA). Collagens I, III, and IV, and STIM1 antibodies were purchased from Abcam, Inc. (Cambridge, MA). Fibronectin and a-SMA antibodies were purchased from Boster (Wuhan, China). Histostain-plus kit was purchased from ZSGB (ZSGB-Bio Origene, China).
Animals
ApoE -/-mice were obtained from the Laboratory Animal Center of Sun Yat-Sen University. ApoE -/-mice (8 weeks old) were fed a westerntype HFD containing 1.25% cholesterol for 12 weeks. After a HFD for 8 weeks, the mice were injected with Ad expression of Orai1 shRNA (Ad-Orai1-shRNA, 5310 9 plaque-forming units/mouse) or Ad expression of GFP shRNA (Ad-GFP-shRNA, 5310 9 plaque-forming units/mouse) via the tail vein and the animals were maintained on HFD for another 4 weeks. Another group of ApoE -/-mice had pellets subcutaneously implanted (Innovative Research of America, Sarasota, FL) constantly releasing Orai1 blocker SKF96365 (10 mg/kg per day, Sigma-Aldrich) or vehicle for another 4 weeks prior to harvesting kidneys. The control group was fed with normal diet. C57/BL6 male mice were anesthetized and ureteral obstruction was performed by the double ligation of the left ureter with 4-0 silk via a midline abdominal incision. Sham-operated mice had their ureters exposed and manipulated, but not ligated. The mice were injected with Ad-Orai1-shRNA or Ad-GFP-shRNA via the tail vein at day 1 and day 3 after UUO. Another group of mice had subcutaneously implanted pellets constantly releasing SKF96365 or vehicle PBS after UUO. The kidneys were harvested at day 7 and day 14 after UUO, respectively.
shRNA sequences for mouse Orai1 were 59-CCGGTCG-TCTTTGCTGTTCACTTCTCAAGAGAAAGTGAACAGCAAAGAC-GATTTTTTG-39. Table 2 .
All animal experimental procedures were performed in accordance with the policies of the Sun Yat-Sen University Animal Care and Use Committee and conformed to the "Guide for the Care and Use of Laboratory Animals" of the National Institutes of Health in China.
Blood and Urine Chemistry
Urine was collected and clearance studies were performed during 24-hour periods throughout the study. At the end of each protocol, blood samples were collected into heparinized tubes for the measurement of plasma creatinine when the mice were euthanized. The plasma +Ad-GFP-shRNA or AngII+Ad-GFP-shRNA. Ad-lacz, Ad-lacz-shRNA.
concentrations of creatinine was determined by using an EIA kit according to the manufacturer's instructions (BioAssay Systems). Urinary albumin was measured by using a urine protein test kit (Nanjing Jianchen Bioengineering Institute, China) according to the manufacturer's instructions.
Patients and Tissue Samples
Kidney biopsy samples were collected from patients who had been pathologically interpreted as having renal fibrosis at the Department of Nephrology, Guangdong General Hospital, Guangdong Academy of Medical Sciences. The acquisition of specimens was approved by the Medical Research Committee of Guangdong General Hospital, Guangdong Academy of Medical Sciences. Informed consent was obtained from all patients and experiments were conducted according to the principles of the Declaration of Helsinki.
Quantitative Real-Time PCR
Total RNA was extracted from the kidney cortex according to the manufacturer's instructions for Trizol reagent (Invitrogen, Carlsbad, CA). Briefly, total RNA (500 ng) was used for reverse transcription using PrimeScript RT reagent Kit Perfect Real Time kit (Takara Bio Inc., Tokyo, Japan). The cDNA was used for quantitative real-time PCR analysis using SYBR Premix Ex Taq (Perfect Real Time) (Takara Bio Inc.). Target mRNA was determined using the comparative cycle threshold method of relative quantitation. The calibrator sample was selected from PBS-treated tissue samples, and GAPDH was used as an internal control. Primer sequences for Orai1: forward: 59-GGCTCGGGGACAAAACACTA-39; reverse: 59-TAGCCCC-AGCAACACAGTTT-39; for GAPDH: forward: 59-TGACCTCAA-CTACATGGTCTACA-39; reverse: 59-CTTCCCATTCTCGGCCTT-39.
Western Blotting
Western blotting was performed as previously described. 45, 46 Histology, Immunohistochemistry, and Immunofluorescent Staining
Histology was performed on paraffin-embedded kidney tissues for Masson Trichrome staining and Sirius Red staining. Immunohistochemistry andimmunofluorescent staining were performedas previously described. 45, 46 The quantification of all raw images were performed using Image-Pro Plus 5.0 software.
Cell Culture and Treatment
Immortalized HK2 were cultured in DMEM/F12 containing 10% FBS, 1.20 g/L sodium bicarbonate, 100 U/ml penicillin, and 100 mg/ml streptomycin at 37°C in 5% CO 2 . In order to induce phosphorylated smad2/3 expression, the cells were treated with TGF-b1 (5 ng/ml) in fresh free serum media for 30 minutes before protein extraction. For EMT experiments, HK2 cells were first cultured in free serum DMEM/ F12 for 24 hours, then the media was changed to fresh DMEM/F12 with free FBS containing TGF-b1 (5 ng/ml) for another 48 hours, accompanied with Ad-lacz-shRNA or Ad-Orai1-shRNA. Cells were pretreated with DMSO, SKF96365 (20 mM), or 2-APB (100 mM) for 2 hours before TGF-b1 treatment. The HMC were cultured in RPMI 1640 containing 10% FBS, 2.0 g/L sodium bicarbonate, 100 U/ml penicillin, and 100 mg/ml streptomycin at 37°C in 5% CO 2 . DMEM/F12 or RPMI 1640 containing 10% FBS. Forty-eight hours later, HK2 or HMC cells were applied to relevant experiments. HMCs were transfected with STIM1 small interfering RNA (siRNA) (Qiagen, Germany) or negative siRNA using the HiPerFect Transfection Reagent (Qiagen) for 2 hours in FBS-free medium, and then cultured in 10% FBS medium for 48 hours. Sequences of shRNA for human Orai1 were 59-CCGGGAGCAACGTGCACAATCTCAACTCGAGTTGAGATTGT-GCACGTTGCTCTTTTTTG-39. Sequences of siRNA for human STIM1 have been previously described. 28 Measurement of [Ca 2+ ] i
[Ca 2+ ] i was monitored using a RF-5301 fluorescence spectrophotometer (Shimadzu, Tokyo, Japan), modified as previously described. 46 Briefly, HK2 cells, adjusted to a cell density of 10 6 cells/ml, were loaded with 2mM fura-2/AM for 45min at 37°C. The medium containing fura-2/AM was removed after incubation, and the cells in suspensions were measured at 37°C in a cuvette placed in a Spectrophotometer. The fluorescence was monitored at 340-and 380-nm excitation wavelengths, and the emission wavelength was 510nm. [Ca 2+ ] i was calculated using the software following the manufacturer's instructions (Shimadzu, Japan).
Morphologic Assessment of HK2 Cell
HK2 cells were grown in six-well plates, followed by appropriate treatments. The cells were photographed using an Olympus microscope connected to a digital camera with a macro conversion lens.
Statistical Analyses
All data were represented as mean6SEM. Statistical analysis was determined by an unpaired two-tailed t test or one-way ANOVA followed by Bonferroni multiple comparison post hoc test with a 95% confidence interval. Values of P,0.05 were considered significant.
